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(57) ABSTRACT

A method for controlling a color adjustable light source (101)
configured to illuminate an object (110) is disclosed. The
method comprises the steps of setting (301) a color tempera-
ture of a reference white point (cpref) at the black body curve
(202), acquiring (302) information as to a color of the object
(cpobj), receiving (303) a desired saturation level, and con-
trolling (304) the light source (101) to illuminate the object
(110) with light corresponding to the color temperature of the
reference white point and comprising a saturated component
corresponding to the color of the object. A corresponding
system (100) for performing the method is also disclosed.
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1
METHOD AND SYSTEM FOR EMPHASIZING
OBJECT COLOR

TECHNICAL FIELD

The present invention relates to a method for controlling a
color adjustable light source used for illuminating an object.
The present invention also relates to a corresponding system.

BACKGROUND OF THE INVENTION

Recently, color adjustable light sources such as light emit-
ting diodes combining red, green and blue light to achieve for
example white light are increasingly used in for example
households and in commercial settings. The control of such
light sources has conventionally been performed by techni-
cians having certain skills and experience, since control of
brightness, color and saturation parameters is relatively com-
plicated and conventionally requires certain knowledge and
skills.

As the use of color adjustable light sources has increased,
the demand of intuitive control of such light sources has also
increased among other users than experts. For facilitating
color control of light sources such as LEDs with a combined
color output of red, green, and blue, US20080259590 dis-
close a user interface with control of for example hue, color
and saturation of light. The user interface comprises a central
button for changing the color, a saturation button, a hue but-
ton, and may be a remote control.

Concerning illuminating light sources, such as LED-based
RGB spotlights that may be used to illuminate objects in a
store, a museum or the like, it is important that the illuminat-
ing light is controlled in a way that enhances the appearance
of the object for the viewer. For example in stores, it may be
desired to emphasize a certain color of a product or a product
display to make the product more visible and more attractive
to a viewer. Although providing an improved more intuitive
user interface for controlling the color output of a light source
in US20080259590, obtaining an illumination that highlights
acolorofan object would still be relatively complicated. Inan
attempt to highlight a color of an object using the solution
described in US20080259590, several parameters that affect
each other would have to be adjusted, most likely requiring
several attempts of adjusting each parameter, why optimal
illumination of an object may become very troublesome or
even impossible to achieve by a non-experienced user.

Hence, there is a need for an improved method of control-
ling a color adjustable light source for highlighting a color of
an illuminated object.

SUMMARY OF THE INVENTION

According to an aspect of the invention, the above is at least
partly met by a method for controlling a color adjustable light
source configured to illuminate an object, comprising the
steps of setting a color temperature of a reference white point
adjacent to the black body curve, acquiring information as to
a (e.g. dominant) color of the object, receiving a desired
saturation level, and controlling the light source to illuminate
the object with light corresponding to the color temperature
of'the reference white point and comprising a saturated com-
ponent corresponding to the color of the object.

By black body curve should be understood the black body
curve in CIE1931 x, y space, extending between different
color temperatures of white light as is well known to the
skilled person. Also, by a white point adjacent to the black
body curve may mean a point exactly at the black body curve,
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or at least in the area where the light is still considered as
white light. By a color adjustable light source may mean any
light source that may be adjustable in color space, such as a
RGB spot or an RGBW (RGB+white) or RGBA (RGB+
amber) spot. Setting of a color temperature of a reference
white point adjacent to the black body curve may mean any
color point adjacent to the black body curve, or the setting
may be restricted to for example a cooler color temperature or
a warmer color temperature, to only a selection of different
warm color temperatures, etc. It should be noted that within
the context of the application the term object may be any type
of physical object also including surfaces such as walls, ceil-
ings, floors or other types of surfaces.

The present invention is based on the realization that if the
color of the object, such as the dominant color or another
selected color, to be illuminated is known, this particular
color can be specifically emphasized by means of adding a
saturation component of this color to the illuminating light.
More specifically, the present inventors have realized that
when knowing the color of the object or objects to be illumi-
nated, and by that what color to emphasize, the illuminating
light may be controlled to illuminate the object with light
corresponding to a desired color temperature of white refer-
ence light which is set to the black body curve but with
addition of a saturation component of the color of the object.
By adding the saturation component, the color of the object
may be highlighted and the object may accordingly be per-
ceived as more visible to a viewer. Such control may be
performed by using the CIE1931 x, y color space diagram,
wherein the color gamut boundaries for the illuminating light
source may be drawn. All available saturation levels for the
light source in question may be found along a straight line in
CIE1931 x, y color space, which line starts at 0% saturation at
the set reference white point on the black body curve, contin-
ues through the measured color point, and ends up at full
saturation at the color point that is located on the boundary of
the color gamut of the illuminating light source. Additionally,
a straight line corresponding to color points of constant color
temperature can be drawn in CIE color space. Lines of con-
stant color temperature in the CIE color space are known as
isotherms. Thus, an isotherm intersecting the reference white
point defines color points having the same color temperature
as the reference white point. Hence, controlling a color
adjustable light source may be performed in a few execution
steps by applying knowledge of the color of the object to be
illuminated to the method of controlling, thereby being able
to merely focus on a desired saturation level of that particular
color.

Acquiring information as to the color of the object also
includes the possibility to acquire a rough color classification
of the object such as for example a color selected from the
group comprising red, orange, yellow, green, cyan, blue, vio-
let, purple and magenta. Accordingly, it should be noted that
the invention is not limited to applying a saturation level
exactly on a line that intersects both the reference white point
on the black body curve and the acquired color of the object
(e.g. the roughly estimated color). Thus, this rough estimate
also applies to the saturation level. More specifically, the
wording “comprising a saturated component corresponding
to the color of the object” should be understood to have a
broad meaning including that the line with varying saturation
for example in one case may be exactly directed to the mea-
sured object color, or may in another case be approximately
directed to the measured object color (along an isotherm that
is not exactly directed at the measured object color).

In one embodiment of the invention, the spectral power
distribution of the color adjustable light source may advanta-
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geously be controlled for a given reference white point, object
color and saturation level. The spectral distribution of the
illuminating light may be changed such that certain parts of
the spectrum have stronger contribution while maintaining
constant color temperature. As an example, a color mixing
light source such as a RGBW light source may create each
color point in multiple ways, thereby making it possible to
choose the spectral power distribution that for a specific
object color provides the highest emphasis of that specific
color. Hence, the color rendering properties can be different
for each of the RGBW combination for the same color point.
Other color mixing light sources such as RGBA, RGBAC
(RGBA+Cyan) and the like may equally well be used.

Further, the step of acquiring information as to a color of
the object may comprise the steps of illuminating the object
with light having the color temperature of the reference white
point, such that the color of the object is reflected; and mea-
suring the color of the object by means of a color sensor. The
object color may advantageously be measured for achieving
an optimal color emphasizing illumination. By that means,
each object of for example a museum or a store may be
illuminated in a color intensifying manner which is optimal
for that particular object. In addition, the color sensor may be
directed to the part of the object that a user desires to high-
light, which does not necessarily is the dominant color of the
object. Further, the saturation level may be set by a user, via
for example a user interface.

Alternatively, the step of acquiring information as to a
color of the object may comprise the steps of reading an
object identification code for the object; and retrieving a color
corresponding to the object identification code. The identifi-
cation code may be any readable identification code, such as
for example a bar code or an RFID code. In many applications
it may be advantageous if the information of what color to be
emphasized when illuminating the object is contained in an
identification code of the object, the object color being
retrieved from a table or database, stored in the system or
found from a centrally stored database via a mobile phone or
via an internet link. In this way, in for example chain stores
where the same products are displayed in all stores, the prod-
ucts may also be illuminated in the same way in all stores,
since the dominant color or the color to be highlighted may be
easily acquired without the need of performing measure-
ments at each site.

Furthermore, the step of receiving a desired saturation level
may comprise the step of retrieving a pre-stored saturation
level corresponding to the object identification code, whereby
a saturation level may be automatically set when the object
identification code is known, without manual selection. The
automatic control may be desired if illuminating the same
type of objects frequently, or when minimum manual control
is desired. Also, automatic saturation level setting may be
advantageous in chains of stores, etc. so that the same type of
products is illuminated with the same level of saturation
everywhere. The saturation level may for example be stored
in a table in relation to a certain object identification code.
Alternatively, as already mentioned, the saturation level may
be set by a user selection.

Moreover, the saturation level may be limited to a pre-
defined area surrounding the black body curve, i.e. defined by
boarder lines above and below the black body curve, respec-
tively. In the CIE1931 x, y color space the available color
points for the light source are located on the straight line
between the reference white point on the black body curve
and the boundary of the color gamut of the adjustable light
source, which line passes through the acquired color point of
the object. Alternatively, the available saturation levels may

10

15

20

25

30

35

40

45

50

55

60

65

4

be restricted to a few levels on this line, such as saturation
levels where the light source remains emitting light within the
range of what is considered as white light, which is an area
surrounding the black body curve.

According to another aspect of the invention, there is pro-
vided a system for controlling a color adjustable light source
comprising a light source configured to illuminate an object,
and a control unit configured to set a color temperature of a
reference white point adjacent to the black body curve,
acquire information as to a color of the object, receive a
desired saturation level, and control the light source to illu-
minate the object with light corresponding to the color tem-
perature of the reference white point and comprising a satu-
rated component corresponding to the color of the object. The
light source illuminating the object may be any color adjust-
able light source that is regularly illuminating an object to
make it more visible to a user. By controlling the light source
using a system according to the invention the control of illu-
minating an object to emphasize a certain color may be facili-
tated, and the quality of illumination improved.

The control unit may for example acquire the color tem-
perature of the reference white point via a user interface or by
using a predetermined setting. Also the saturation component
may be achieved via a user interface or by other methods as
will become clear hereinafter.

Further, the system may comprise a reference light source
configured to illuminate the object with light having the color
temperature of the reference white point, such that the color
of the object is reflected; and a color sensor configured to
measure the color of the object. By using a color sensor the
acquiring of the color of the object may be made simplified,
by simply keeping the color sensor at a distance from the
object to measure and measure the reflected color.

According to one embodiment of the invention, the system
may optionally comprise an ambient light sensor arranged in
proximity of the illuminated object and configured to mea-
sure the ambient light, the ambient light sensor being com-
municatively coupled to the control unit. By measuring the
color and color temperature of ambient light it becomes pos-
sible to adjust the illumination of an object also taking into
account the properties of ambient light, thereby improving
the color emphasizing effect. The ambient light may be white
light of different color temperatures from various lighting
systems, colored light or outdoor (e.g. sun) light which may
vary with weather and time of day.

Alternatively, the light source illuminating the object may
be the reference light source, whereby an additional light
source for illuminating with the color temperature of the
reference white point may be omitted.

Moreover, the system may further comprise a remote con-
trol on which the reference light source and the color sensor
may be arranged, which may simplify the measuring of the
object color, since a remote control may easily be held in front
of'the object on a sufficient distance from the object.

Alternatively, the color sensor may be stationary, and for
example arranged in the vicinity of the illuminating light
source, where the illuminating light source further is config-
ured as the reference light source.

Further, the system may comprise a code reader configured
to read an object identification code for the object, and
retrieve the color corresponding to the object identification
code, which is advantageous in the case the object color
and/or the saturation level may be retrieved from a product
identification code. For example, the code reader may be an
RFID reader or a bar code reader. Moreover, the system may
comprise a remote control comprising the code reader, for
facilitating reading of the identification code.
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Further features of, and advantages with, the present inven-
tion will become apparent when studying the appended
claims and the following description. The skilled person real-
ize that different features of the present invention may be
combined to create embodiments other than those described
in the following, without departing from the scope of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The various aspects of the invention, including its particu-
lar features and advantages, will be readily understood from
the following detailed description and the accompanying
drawings, in which:

FIG. 1 illustrates a system according to an embodiment of
the present invention;

FIG. 2 shows a color space chromaticity diagram;

FIG. 3 is a flow chart of the method according to the
invention, and

FIG. 4 shows an additional color space chromaticity dia-
gram.

DETAILED DESCRIPTION

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which currently preferred embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are
provided for thoroughness and completeness, and fully con-
vey the scope of the invention to the skilled person. Like
reference characters refer to like elements throughout.

In FIG. 1 there is depicted an exemplifying lighting system
100 comprising an illuminating light source 101, a remote
control 102, which in its turn comprises a user interface 103,
a reference light source 104, and a color sensor 105. Further,
the light source 101 is color adjustable, here an RGB spot, and
illuminates for example a display of cans 111 which may be
found in a store. Here a single can 110 is also illustrated.
Alternatively, the illuminating light source 101 is also the
reference light source 104. The user interface 3 here com-
prises a control, in the illustrated example a rotatable knob
106, via which a color temperature of a reference white light
is set. Further, the user interface comprises a slider 107 for
setting a desired saturation level of the object color to be
emphasized, and another slider 108 for setting a brightness
level. Moreover, the user interface comprises an actuating key
109 which is pressed when initiating a color measurement by
means of the system 100. The remote control 102 may more-
over comprise a distance sensor (not shown) that is used to
inform the user if the color sensor 105 is too far away from the
object to be able to measure the object color. The lighting
system 100 also comprises a control unit (not shown) in
communication with the remote control and the illuminating
light source. The control unit may include a microprocessor,
microcontroller, programmable digital signal processor or
another programmable device. The control unit may also, or
instead, include an application specific integrated circuit, a
programmable gate array or programmable array logic, a
programmable logic device, or a digital signal processor.
Where the control unit includes a programmable device such
as the microprocessor, microcontroller or programmable
digital signal processor mentioned above, the processor may
further include computer executable code that controls opera-
tion of the programmable device.
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Optionally, the lighting system 100 may also comprise a
sensor (not shown) for measuring the ambient (e.g. white)
light. When there is ambient light in a space where the light-
ing system 100 is used, the light on the object is a combination
of the ambient light and the emphasizing light used for cre-
ating the color emphasis effect. Increasing the intensity of the
ambient white light may result in a decrease of the level of
color emphasis. Likewise, the color emphasis may increase if
the intensity of ambient white light is decreased. Further-
more, the color temperature of ambient light may change. As
an example, the color temperature of daylight may be difter-
ent depending on weather and time of day.

By measuring the color and color temperature of ambient
light it is possible to adjust the light source 101 to compensate
for changes in ambient light, thereby maintaining a constant
color emphasis effect for the illuminated object. This may be
achieved by arranging a light sensor adjacently or near the
illuminated object that measures the ambient light, and that
uses a feedback or feed-forward control method to adjust the
illuminating light source. To be able to measure the ambient
light in an area where both the color emphasis lighting and
ambient light is present, the sensor may be connected to the
color adjustable light source 101, and during short time inter-
vals, sufficiently short to be unperceivable to human observ-
ers, the adjustable light source 101 is turned off or dimmed to
near zero level that the ambient light can be measured.

Before describing the method of the present invention per-
formed by the system 100, the CIE1931 x, y color space
diagram 20 illustrated in FIG. 2 is introduced.

In FIG. 2 the outer horseshoe-shaped curve 211 corre-
sponds to the colors of the visible spectrum (color points of
monochromatic light). The color gamut boundaries of the
RGB spot 101 is depicted as a triangle 201 which triangle
encloses all color points that the RGB spot 101 is able to emit.
In other words, the color of the RGB spot is adjustable
between each color point within the depicted triangle 201.
Further, there is depicted a black body curve 202 extending
through the color space, for different color temperatures of
white light. Atthe black body curve the color saturation is 0%.
The saturation level at the boundary triangle 201 is 100%.

There is also depicted an upper 203 and a lower 204 curve,
illustrated with dashed lines, enclosing the black body curve
202. The upper 203 and lower 204 curves are enclosing an
area 205 within the boundary triangle 201 within which area
205 the emitted light is considered as white light although
having a color saturation level of more than 0% of another
color. The area 205 may for example be defined by the for-
mula

¥=2.3653x-2.3172x>-0.2199
for the lower curve 204, and

y=2.3653x-2.3172x2-0.1595

for the upper curve 203, where x=0.23 . . . 0.57. Other defi-
nitions of the area may of course be possible and are within
the scope of the invention.

In the following operation of the system of FIG. 1 will be
described with reference to both FIGS. 2 and 3. FIG. 3 pre-
sents exemplifying steps for controlling a color adjustable
light source 101.

In afirst step, 301, a color temperature of a reference white
point cp,,,onthe black body curve is set to a point somewhere
along the black body curve that is available for the RGB spot
101 in question. The setting is here made by a user operating
the rotatable knob 106 of the system 100 to a desired white
point cp,, . Alternatively, the reference white point cp,, . may
be predetermined, or it may be limited to for example cooler
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or warmer white light. The desired color temperature may for
example differ between countries, areas or even shops. For
example, a cooler or warmer white light may be selected as
starting-point, depending on the desired effect and/or the
general ambient color temperature.

The reference white point cp,,is depicted in the CIE1931
X, y diagram on the black body curve 202.

In a second step, 302, information as to a color of the object
P,y 18 acquired. Using the system 100 depicted in FIG. 1 the
color is measured by means of the color sensor 105 after
illuminating the object by means of a reference light source
104. Hence, the reference light source 104 may be set to emit
white light with the desired color temperature via the control
knob of the user interface 103, and directed toward the object
to be illuminated. Here, the color of one of the cans is mea-
sured where the can has been moved from the display of cans
111 when performing the measurement. The color may alter-
natively be measured while the can 110 remains in the display
111. Alternatively, the color sensor may be directed to a
certain part of the object, which the user desires to highlight.
The color sensor 105 may then acquire the object color by
measuring the color that is reflected from the object. For
instance, the measurement is here initiated by a user pressing
the measurement key 109 of the user interface 103.

In another system arrangement this step may mean color
information retrieval from a product identification code,
whereby the system comprises a code reader, such as a bar
code reader instead of a color sensor.

Alternatively, the retrieved color information may be a
rough color classification such as a color selected from the
group comprising red, orange, yellow, green, cyan, blue, vio-
let, purple and magenta. As an example, a rough color clas-
sification may be retrieved by using a simple color sensor or
image sensor (i.e. camera) or by incorporating a color prese-
lect control in the illumination system. However, a rough
color classification may equally well be acquired from the
aforementioned product identification code.

The object color point cp,,,, that is measured or otherwise
retrieved is in the CIE1931 x, y diagram depicted above the
black body curve in the color space. A straight line 206 is
depicted between the selected reference white point cp,, ,and
the measured object color point cp,,,,, which line 206 contin-
ues to the boundary of the color gamut for the RGB spot 101.
The saturation level at the boundary color point cp,,,, is as
mentioned 100%. Hence, the available saturation levels for
the particular RGB spot 101 are all located on this line 206.

In the next step, 303, a desired saturation level is received.
The desired saturation level is here set according to a user
selection, by manipulating the user interface slider 107. The
level may extend between 0% and 100% color saturation of
the color in question, if not restricted differently. In many
applications it is preferred to illuminate an object with white
light but still highlighting a certain object color. Then, the
saturation level may be restricted to the area 205 in the
CIE1931 x, y color space 20 where the light is regarded as
white. For example, a user control of a user interface may be
limited to these levels. Alternatively, in another system
arrangement the saturation level may be retrieved from a
pre-stored table in relation to a read product identification
code.

In the following step, 304, the light source 101 is controlled
to illuminate the object with light corresponding to the color
temperature of the reference white point cp,,.that was set in
step 301, but shifted along line 206 in the CIE31 x, y diagram
using the saturated component received in step 303 corre-
sponding to the color of the object cp,,,,;, acquired in step 302.
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The adjusted color point cp , is depicted in the CIE1931 x,
y color space 20, and is here located between the reference
white point cp,,and the object color point cp,,, on the line
206 extending between these points. Further, in the illustrated
example, the adjusted color point cp, is located in the area
205, wherein the light is considered as white light.

Accordingly, after adjustment of the color adjustable light
source 101, it illuminates the can 110 of the present example
with white light comprising a saturation component of the
measured color point of the object cp,, ,;, whereby this color is
emphasized and the can 110 is perceived as more conspicuous
to a viewer. If the system comprises a control for setting the
brightness level, like the system 100 depicted in FIG. 1, also
this level is set in step 304 as an additional component, e.g.
using the slider 108 in FIG. 1. The brightness level may
extend between 0 and 100%, if not restricted differently. All
or some ofthe steps 301-303 may however advantageously be
executed in a different order in many systems, with the same
outcome.

In another exemplary embodiment, the reference white
point cp,, s selected so as to have the same color temperature
as the object color cp,,,,,. Thus, the reference white point cp,, -
lies on the intersection of a straight line representing constant
color temperature 402 starting at cp,,; and intersecting the
black body curve 202, as illustrated in FIG. 4. For creating
different levels of color emphasis while maintaining a con-
stant color temperature, different positions on the straight line
402 can be used.

Even though the invention has been described with refer-
ence to specific exemplifying embodiments thereof, many
different alterations, modifications and the like will become
apparent for those skilled in the art. For example, the satura-
tion level may be retrieved from a table also when the object
color is measured by a color sensor, or opposite, the saturation
level may be set by a user also when the object color is
retrieved by means of a product identification code. Parts of
the system may be omitted, interchanged or arranged in vari-
ous ways, the system yet being able to perform the method of
the present invention.

Additionally, variations to the disclosed embodiments can
be understood and effected by the skilled person in practicing
the claimed invention, from a study of the drawings, the
disclosure, and the appended claims. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality.
A single processor or other unit may fulfill the functions of
several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims
does not indicate that a combination of these measured cannot
be used to advantage.

The invention claimed is:

1. A method for controlling a color adjustable light source
configured to illuminate an object, comprising the steps of:

setting a color temperature of a reference white point

(cp,.p adjacent to the black body curve;

acquiring information as to a color of said object (cp,,);

receiving a desired saturation level; and

controlling the light source to illuminate said object with

light corresponding to the color temperature of the ref-
erence white point (cp,,,) and comprising a saturated
component corresponding to the color of the object
(Cpobj)'

2. The method according to claim 1, further comprising the
step of controlling the spectral power distribution of the color
adjustable light source for a given reference white point
(P, Object color (cp,,,;) and saturation level.
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3. The method according to claim 1, wherein the step of
acquiring information as to a color of said object (cp,,;)
comprises the steps of:

illuminating said object with light having said color tem-

perature of the reference white point (cp,, 9, such that the
color of the object (cp,,,) is reflected; and

measuring said color of the object (cp,,,) by means of a

color sensor.

4. The method according to claim 1, wherein the step of
acquiring information as to a color of said object (cp,,,)
comprises the steps of:

reading an object identification code for said object; and

retrieving a color corresponding to said object identifica-

tion code.

5. The method according to claim 4, wherein the step of
receiving a desired saturation level comprises the step of
retrieving a pre-stored saturation level corresponding to said
object identification code.

6. The method according to claim 1, wherein the step of
acquiring information as to a color of said object (cp,,,)
comprises the step of acquiring an approximate color classi-
fication.

7. The method according to claim 1, wherein said satura-
tion level is limited to a predefined area surrounding the black
body curve.

8. A system for controlling a color adjustable light source,
the system comprising:

a light source configured to illuminate an object; and

a control unit configured to set a color temperature of a

reference white point (cp,,,) adjacent to the black body
curve; acquire information as to a color of said object

15
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(Cp,sy); receive a desired saturation level; and control the
light source to illuminate said object with light corre-
sponding to the color temperature of the reference white
point (¢p,.,) and comprising a saturated component cor-
responding to the color of the object (cp,,,)-

9. The system according to claim 8, further comprising:

areference light source configured to illuminate said object

with light having said color temperature of the reference
white point (cp,,), such that the color of the object is
reflected; and

a color sensor configured to measure said color of the

object (Cp,)-

10. The system according to claim 8, further comprising:

a sensor arranged in proximity of the illuminated object

and configured to measure the ambient light, said sensor
being communicatively coupled to said control unit.

11. The system according to claim 9, wherein said light
source configured to illuminate the object is said reference
light source.

12. The system according to claim 9 further comprising a
remote control on which said reference light source and said
color sensor is arranged.

13. The system according to claim 8, further comprising a
code reader configured to read an object identification code
for said object, and retrieve the color corresponding to said
object identification code.

14. The system according to claim 13, further comprising a
remote control comprising said code reader.

15. The system according to claim 13 wherein said code
reader is at least one of an RFID and bar code reader.

#* #* #* #* #*



